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Section 1

INTRODUCTION AND SUMMARY

This is the addendum to the final engineering report describing work performed
by Grumman Aerospace Corporation under Naval Air Development Center Contract
N62269-75-C-0392 of 30 June 1975. The [irst part of this report was submitted in
July 1976, It identified the requirements and established a prototype design for the
installation of an Advanced Aircraft Electrical System (AAES) in an F-14 test aircraft.
This system utilizes a new electrical generator (High Voltage DC (HVDC()) for primary
electrical power, It utilizes the Solid State Electric Logic (SOSTEL) system for power
distribution, control, management, and protection. It employs MIL-STD-1553A data
bus concepts for information transfer and control. The use of a General Purpose
Multiplex System (GPMS) data terminals was restricted to the SOSTEL Master Unit
interfaces and to those F-14 transducers and low power control signals which would be
difficult or cumbersome to adapt to the SOSTEL remote terminal interface require-
ments,

This portion of the study was initiated in January 1977. 1t identifies a
representative F-14 avionics suite selected for incorporation in a GPMS avionics
multiplex system. The interfaces selected are presently serviced by the Computer
Signal Data Converter (CSDC) and portions of the AWG-9 system,

The CSDC provides interface compatibility, computations, mode switching
and on~board checkout in the present F-14 design. As such, it provides a
centralized multiplexing point for ihe transfer of information between much of
the aircraft avionics.

A system containing four GPMS area data terminals was selected as the approach
to demonstrate GPMS on an F-14 AAES flight test aircraft. The four terminal system
was selected since it allows for subsequent design development to include system
redundancy and growth., The existing avionics which the data terminals must inter-
face with will not require modification. Modification would have incurred costs which

1-1




could not be justified for a system solely intended to demonstrate GPMS, This
rationale also led to rejection of approaches which would have necessitated the in-

clusion of data bus interfaces in existing avionics. However, new aircraft or aircraft
undergoing major avionics modification must have avionics which incorporate data

bus interfaces for this information transfer technique to be efficient. In addition, the
approach selected allows a performance comparison of the existing system with the
GPMS system by reinstallation of the CSDC. The design is compatible but independent
of the SOSTEL terminals of AAES. The avionics interfaces cover the range of signal
types (discretes, serial digital, pulse, dc and ac analogs) which are typical of aircraft
equipments.

The CSDC interface signals and functions were analyzed and tabulated. Func-
tional drawings describing the present and proposed system were developed. The de-
sign of each data terminal was blocked out along with the actual and estimated parts
required. The size of each terminal was determined., An estimate of the memory
requirements was generated. A revised AAES system configuration was generated.
This revision is primarily affected by consolidating MUX, DMUX, and SSPC functions,
and the addition of the four GPMS area data terminals. A revised installation for the
equipment was developed, based upon utilization of a test aircraft configured similar
to the No. 5 F-14. The data bus message transfer requirements between the data
terminals were synthesized. The message groups developed were organized to meet
the data update requirements between the avionic users. Data bus usage is less than
15% of a single channel's capacity. An investigation of a number of FF-14 avionics was
performed to evaluate which equipments in a future design could absorb the bus inter-
face electronics required to interface to a data bus system. Most equipment investi-
gated would accommodate the two cards a data interface unit would require. A

conceptual design of a future LSI device incorporatir _ the necessary functional require-
ments along with the data, controls and status interfaces for a MIL-STD-1553A inter-
face was generated.




Section 2

OBJECTIVES

The primary objectives of this phase of the AAES study are:

Provide a design for the utilization and evaluation of a General Purpose
Multiplex System (GPMS) on the F-14.

The incorporation of GPMS should compliment the previous AAES study efforts
and may modify that approach. However, the GPMS system and the SOSTEL
system shall be capable of independent operation.

The GPMS approach should be oriented about a typical aircraft suite of
avionics and functions such that the design realistically evaluates GPMS con-
cepts.

Inherent in the objective is the basic fact that the F-14 aircraft is a test bed
for the evaluation of AAES (PGS, SOSTEL, GPMS) concepts as opposed to
being a unique design improvement under evaluation for future production
F"14S.

Subjective costs of various approaches, as related to modifications to existing
avionics, quantity of GPMS terminals and complexity of interface and functions,
should be factored in to establish a realistic but not overly ambitious appreach,

2-1
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Section 3
GPMS DESIGN

3.1 PRESENT F-14 SYSTEM

Figures 3-1 and 3-2 represent the existing signal and functional drawings
of the interfaces considered during this portion of the study. They consist of the
AWG-9 Computer Interface Unit (IFU) interface to the Vertical Display Indicator
Group (VDIG), AWG-15 and the complete Computer Signal Data Converter (CSDC) in-
terface. A description of the signal and functional interfaces between the various

units follows.
3.1.1 IFU/VDIG

This interface is a serial digital data stream under control of the IFU. Serial
Output (SOP) and Serial Input (SIP) information is transferred between the two units
under a sync envelope utilizing clock pulses. Data is transferred NRZ in 32 bit words
at 125 KHz rate. The SIP/SOP interface consists of four twisted wire pairs contain-
ing true and complement differential information of data in, data out, sync envelope,
and clock. SIP input information to the IFU is delayed one data bit from the SOP out-
put word to the VDIG, but is not an immediate response to the SOP message. The
VDIG transmits command and mode information in one data word (SOP 0600) to the
IFU, the IFU responds with the appropriate 1 of 13 data words (SIP0600 to SIP0612)
containing display information.

3.1.2 IFU/AWG-15

This interface consists of a SIP/SOP channel utilizing sync 7 envelope.
SOP/SIP0700 and 0701 provide missile command information to the AWG-15 and
missile status information to the IFU.

3.1.3 IFU/CSDC

The IFU/CSDC interface consists of three SIP/SOP channels utilizing syncs
3,4, and 5, and two dc analog channels providing pitch and roll angles to the IFU. The
serial digital SIP/SOPs provide a multiplexed interface between the IFU and the F-14
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avionics to which the CSDC interfaces.

The CSDC provides signal timing, format-

ting, switching, general purpose computational capabilities and interface compatibil-

ity between the F-14 avionics equipments.

As such, it is a central element in pro-

viding navigational computations and switching, onboard checkout (OBC) and signal
conversions. The CSDC/IFU serial digital interface transfers the following informa-

tion at 8,32 or 128 per second intervals:

To IFU
e Roll, Pitch & Heading Angles
o Roll & Pitch Rates
o Radar Altitude
e True Airspeed
e Longitude
e Latitude
e Roll, Pitch & Heading Velocity
e Vertical Acceleration
e Temperatures
e TACAN Range & Bearing
e Wander Angle
¢ Command Heading & Course
e Calibration Data
e Pressure Altitude
¢ System Altitude
e OBC Status

3.1.4 CADC/CSDC

To CSDC
e Heading & Course Relative
o Range to Destination
o Initial Velocities
e Magnetic Heading
e OBC Commands
e True Heading
e Scaling
e Initial/Delta Latitude
o Initial/Delta Wander Angles
e Acceleration
® Torquing Commands
o Ground Track Magnetic
o Groundspeed
e Wind Direction

e Windspeed

The Central Air Data Computer (CADC) interface to the CSDC is a one-way
serial digital interface fromthe CADC to the CSDC under control of the CADC. The
interface consists of a sync envelope, data, clocks, and their respective complements.




W’m_—___—————_——'—w

Information is transferred 20 times a second utilizing a 24 bit data word. The
following functional information is transferred to the CSDC:

e Pressure Altitude Rate
e True Airspeed
e Mach Number
e True Angle of Attack
o Free Airstream Temperature
o Pressure Altitude
e Indicated Airspeed.
3.1.5 TACAN/CSDC

The Tactical Air Navigation (TACAN) system interface to the CSDC consists of
a serial digital data interface from the TACAN under control of the CSDC. The
CSDC provides this control by transmitting envelope, read and clocking signals;
information is transmitted 20 times per second and consists of station range and
bearing.

3.1.6 MDIG/CSDC

The Multiple Display Indicator Group (MDIG) which consists of the Horizontal
Situation Display (HSD) and the Electronic Counter Measures Display (ECMD) pro-
vides two dc analog signals to the CSDC and receives serial digital data from the CSDC.
The serial digital data interface consists of differential data, clock and envelope.

The data words contain 31 bits and information is updated at a 10 per second rate.
The analog signals to the CSDC provide Sine and Cosine Manual Command Course
information. The serial interface prnvides the following display information to the
MDIG:

e Magnetic Heading
e Groundspeed

e Wind Direction

e Command Heading

¢ Command Course
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e Range to Destination

e True Airspeed

o TACAN Deviation & Bearing

e Relative TACAN Bearing & TACAN Range
e MDIG Symbol Word.

3.1.7 Radar Altimeter/CSDC

The Radar Altimeter provides radar altitude to the CSDC in a 20 bit serial
digital differential data word. The CSDC provides information transfer control by
providing a read envelope and clocking signals. The information is updated at a

20/second rate.
3.1.8 VDIG/CSDC

The CSDC transmits serial digital data to the VDIG on a one-way channel under
control of the CSDC. A differential envelope, clock and data path is utilized to pro-
vide the VDIG, which consists of the Heads Up Display (HUD) and Vertical Display
Indicator (VDI) with display information. The information is updated at a rate of 20
per second. This display information consists of:

¢ Command Airspeed Error

e Instrument Landing System Vertical Error
o Instrument Landing System Lateral Error
e Time to Go

e Reticle Manual Elevation

® TACAN Deviation

e True Angle of Attack

o Vertical Glide Slope Error

e Command Heading Relative

o DPressure Altitude Rate

e Sine & Cosine Roll

o Pressure & Radar Altitude
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o Command Altitude Error
e Lateral Glide Slope Frror/Lateral Error
e Aircraft Pitch & Command Airspeed
e Magnetic Heading & Command Altitude
o Weapon Types Selected
e \VWeapon (Quantity Reading
e Weapon Status
e Navigation Mode
e Data Link Status.
3.1.9 IMU/CSDC

The Inertial Measurement Unit (IMU) interface to the CSDC consists of serial
digital, analog, discrete and pulse train signals. A serial digital 22 bit calibration
data word is transmitted to the IMU under control of the CSDC, which provides en-
velope and clocking signals. The IMU transmits a roll and pitch 3-wire synchro and
two 4-wire heading resolver signals to the CSDC. Three axis torquing pulses are
transmitted to the IMU in true and complementary form on three wire pairs. Three
axis accelerometer pulse trains are transmitted to the CSDC in true and complement
form along with an accelerometer clocking signal for timing. Four discretes are
transmitted to the IMU from the CSDC for mode control. Five discretes from the IMU
provide IMU status. The IMU is a three axis, four gimbal, all attitude unit contain-
ing gyros, accelerometer and associated electronics. The accelerometers provide
the basic interial navigation signals necessary for navigational information. As such,
the IMU is the primary unit for aircraft inertial navigation. Two backup modes are
provided utilizing combination of the IMU, AHRS and CADC information.

3.1.10 AFCS/CSDC

The Automatic Flight Control System (AF CS) interface to the CSDC consists
of three discretes from the AFCS to enable steering error computations. The CSDC
provides four steering validity discretes and a dc analog steering error signal. The

steering error signal may be clutched magnetic heading error derived from AHRS or




AWG-9 backup magnetic heading; clutched ground track error derived from AWG-9
ground track magnetic; or command heading error derived from data link command

heading and AWG-9 ground track angle.
3.1.11 AHRS/CSDC

The Attitude Heading Reference Set (AHRS) interface supplies the CSDC with
three 3-wire synchro inputs (Roll, Pitch, Heading) and three discrete status lines.
The AHRS provides backup roll and pitch information for navigation in the event of a

inertial navigation system failure. It provides primary magnetic heading information.
3.1.12 DL/CSDC

The Data Link (D/L) interface to the CSDC is comprised of serial digital and
discrete interfaces. The D/L provides two envelope signals and two 42 bit data words

containing odd and even data link information. The CSDC provides two gated shift l
clock lines to contiol the receipt of odd and even data. The CSDC provides a 42 bit .
data word reply message along with a clocking signal of gated pulses. A D/L tilt

status discrete provides indication of D/L message validity. Nine D/L messages to

the CSDC and the reply message to the D/L contain the following functional informa-

tion:

To CSDC To D/L
e Command Altitude e Aircraft Heading
o Command Airspeed e Weapon Status
e Command Heading e Aircraft Altitude
e Time to Go e Altitude Scale
e Vertical Glide Slope Error e True Airspeed
or Vertical Error
o Fuel Status
e Lateral Glide Slope Error
or Lateral Error e Encoded Discretes
e Discrete Messages e Aircraft Type

e Altitude Scale
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3.1.13 CIACS/CSDC

The CIACS (armament panel and elevation lead panel) provides seven discretes
and one dc analog. The discretes are coded to identify weapon type selected and
weapon quantity ready. The analog elevation lead angle provides manual mode offset

of the HUD sighting pipper.
3.1. 14 ADF/CSNC

The Automatic Direction Finder (ADF) provides a 3-wire synchro to the CSDC.
This synchro provides ADF bearing to the MDIG displays.

3.1.15 Lift Accelerometer/CSDC

The Lift Accelerometer provides lift acceleration in the form of a dec analog to
the CSDC. Lift acceleration is transmitted to the AWG-9 IFU.

3.1.16 Blanker/CSDC

The Interference Blanker receives a discrete from the CSDC identifying Pulse/
Doppler mode.

3.1.17 Fuel Quantity Sensor/CSDC

The Fuel Quantity Sensor provides a dc analog to the CSDC for conversion and
transmission in the D/L reply message.

3.1.18 Lox Quantity Indicator/CSDC

The Lox Quantity Indicator provides a discrete input indicating low lox status.
This information is supplied in the reply message to the D/L.

3.1.19 DL Panel/CSDC

The D/L reply panel provides six discretes (NFO switch initiated) which are
transmitted to the D/L in the reply message.

3.1.20 IFF/CSDC
The IFF transponder, IFF transponder control unit and ejection seat switches

provide an OR'ed discrete identifying an emergency condition which is transmitted to
the D/L in the reply message.
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3.1.21 Coordinate Transformations

The CSDC provides four sets of three direction cosine signals for use by the IR
amplifier, radar antenna, radar controller and missile auxiliaries. The CSDC has
one channel available for conversion of IR amplifier space stabilized coordinates to
aircraft coordinates. The CSDC receives space stahilized coordinates for use by the
radar antenna. It receives aircraft coordinates from the radar antenna and converts
them to space stabilized coordinates which are transmitted to the radar controller. It
provides a channel of earth stabilized coordinates to aircraft coordinates for the mis-
sile data signal converter. All channels except the IR amplifier channel have conver-
sion bypass capability. Coordinate conversions are accomplished by digitally modify-
ing the analog resolver signals with IMU/AHRS pitch, roll and heading information.

3.1.22 OBC

The CSDC performs onboard checkout of the F-14 avionics., Discrete failure
indications are automatically coded and transferred to the AWG-9 IFU. Commanded
BIT is initiated and terminated under command of AWG-9 IFUSOP0500). All OBC
information is transferred to the IFU on serial interface SIP0501-0505 for fault analy-
sis. F-14 OBC interfaces and operation can be divided into five classes:

Continuously monitored information

Command initiated, in flight test only

Command initiated, ground test, pilot OBC selected
Command initiated, ground test only

Command initiated, in-flight and ground test.
3.2 PROTOTYPE AAES SYSTEM

The prototype AAES system identified in the July 1976 portion of this report
has been revised and is illustrated in Figure 3-3. The primary considerations for

revising the system are:

e The addition of four area GPMS data terminals to provide for the incorporation
of the avionics interfaces identified in this phase of the study.

e The identification of an AAES test bed aircraft configured as in the No. 5 F-14.
This test vehicle does not contain an AWG-9 system or gun; as a result,
large equipment volumes are available for AAES installation even though some
portions of the AWG-9 system must be installed.

e Incorporation of cable controllers and pilot's panel.
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o Consolidation of the SSPCs and some SOSTEL terminals into two locations:
one forward of the pilot and one aft of the NFO.

e A revision of the number and mix of SOSTEL remote terminals (MUX,
DMUX and MUX/DMUX). Greater emphasis is placed on the use of MUX/
DMUX (5) while still maintaining 2 MUX and 2 DMUX for evaluation purposes.
The revised configuration provides for the 302 MUX inputs and 386 DMUX
outputs identified previously with 38% and 15% growth capability, respectively,

e The outline dimensions for AAES equipments were adjusted to the values
identified in the SOSTEL procurement specifications. The GPMS data termi-~
nals were established utilizing the Grumman data terminal complement of

components and an estimate of the user interface components.
In addition, the following guidelines were adopted:

o The SOSTEL system should be independent of the GPMS avionics equipment
complement. This would allow SOSTEL operation with or without GPMS on-

board the aircraft.

e The present CSDC cabling would be capped and stowed to allow the CSDC to
be reinstalled for comparison with its GPMS replacement.

The resultant revised complement of equipment is as follows:

e Cable Control Units (2)

Each servicing two data bus cables by providing bus offer messages and moni-
toring bus utilization.

o GPMS Data Terminals (8)

Two data terminals service the SOSTEL Master Units. These two units are
configured to provide two channel data bus service to the MUs. Each of these re-
quire two MU serial interface cards besides the control/timing and multiplex driver/
receiver sections. An additional two data terminals provide inputs and output user
interfaces for unique SOSTEL signals. The inputs and outputs for these terminals were
identified in the previous report. They consist of low power output signals (discretes,
flags, relays, etc.) which would not justify the use of solid state power controllers,
and SOSTEL input signals which would require cumbersome conditioning circuitry to
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to modify for SOSTE L. impedance type interfaces, Four data terminals were added as

a result of this portion of the study and provide the interface between the avionics
suite selected for demonstration of GPMS.

e Master Units (2): No change from previous AAES prototype design.

e Pilot's Panel (1), CCDP (1): No change from previous AAES prototype design.
CCDP may be a nonflight plugable unit for ground test and checkout.

e MUX (2), DMUX (2), MUX/DMUX (5): Reconfigured mix of these remote units
with greater utilization of MUX/DMUX components.

o Solid State Power Controller (400): Controller installation along with their
DMUX interfaces have been consolidated into two compartments starboard
forward and aft of the pilot and NFO, respectively. Four hundred SSPCs
were identified as a resvlt of the previous study effort based upon a full-up

complement of F-14 avionics.
e Transducers (300): No change from previous AAES prototype design.
3.3 GPMS AVIONICS CONFIGURATION

The GPMS avionics system identified during this effort is configured about the
use of four area multiplex data terminals. These data terminals have been assigned
designations DT1, DT2, DT3 and DT4. A block diagram of the proposed configuration
and their associated users is illustrated in Figure 3-4. The present F-14 avionics in-
terfaces contain a significant amount of multiplexing as evidenced by the present CSDC,
AWG-9 IFU, VDIG, MDIG, etc., designs. A number of system approaches were ini-
tially considered as illustrated by Figure 3-5 and Figure 3-6. These were rejected
as being overly ambitious for a flight test program oriented about demonstrating the
general applicability of the GPMS system. They would require considerable support
by the F-14 avionics suppliers, thus incurring costs which may not be justified solely
for the aims of this program. They are more in line with updating the avionics comple-
ment of the F-14 aircraft for future production and modification of the present fleet
complement of F-14s, When data bus systems are considered solely as a communication
system between the subsystems and avionics of an aircraft without consideration of the
other functional requirements (improved air-to-air, air-to-ground, maintainability,

etc. ) they usually are not cost effective.
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When considered as part of an overall aircraft avionics update (new aircraft,
or conversion in lieu of production (CILOPS)) a data bus system is advantageous as it
leads to a standardized communication approach. This is particularly true as future

equipment will be designed with data bus compatible interfaces. Figure 3-7 illus-

trates a data bus organized system specifically oriented about on F-14 CILOPS con-

figuration.

To arrive at the proposed four data terminal GPMS test configuration, the CSDC/
IFU interfaces and functions were analyzed and tabulated (see Appendix A). This
tabulation is oriented about the functional aspects of signal flow as opposed to the
electrical interface. Thus, all functional interfaces under SIP03 (items 2 through
14) time share the same serial electrical interface using the SIP03 envelope, clock
and data lines. A total of 311 functional interfaces were tabulated. The present
CSDC/IFU user interface and the GPMS data terminal interface for each signal are
listed. The figures referred to in the comments column can be found in Appendix
B. These figures were generated to provide an insight into the functional require- ' i
ments each of the data terminals is required to perform based upon the present |
interface requirements. In addition, they identified the data bus information flow
required by each of the data terminals. These requirements are summarized for !
each data terminal in Figures 3-8 through 3-11 (DT1 to DT4 user electrical inter- i
face) and Figures 3-12 through 3-15 (DT1 to DT4 functional interface). From this

data base, information was derived to characterize the GPMs system and each of the

pirg e — g

data terminals.,
Table 3-1 summarizes the significant data terminal characteristics. ‘

3.4 DATA TERMINAL PARAMETERS

3.4.1 Data Terminal Configuration

The design of the four data terminals (DT1, DT2, DT3 and DT4) are character-
ized in Table 3-1 and is based upon Grumman's effort associated with MIL-STD-1553A
data bus systems. Central to this effort is the application of microprocessor technol-
ogy to the individual data terminals. In this configuration, the microprocessor (Intel
3000) is required to provide the bus protocol functions of MIL-STD-15534A in addition
to servicing the users. A block diagram of the general layout of the data terminals is
fllustrated in Figure 3-16. The data terminals are divided into three sections.
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Figure 3-9 DT2 User Electrical Interface
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Figure 3-11 DT4 User Electrical Interface
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Figure 3-12 DT1 Functional Interface
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Figure 3-13 DT2 Functional Interface

3-24

DT2

FROM DT2

AHRS SINE & COS HDG

AHRS SINE & COS ROLL, PITCH
AHRS ROLL, PITCH-RATE & ANGLE
LIFT ACCEL

LEAD ANGLE

FUEL QTY

LOX STATUS

OBC ENABLE, STATUS, MODE

TO D12

IMU SINE & COS ROLL, PITCH, HDG
0B8C CMDs

PULSE MODE

NAV/DISCRETE CONTROL DATA




ARG AND ol 350 e 114

D/L MESSAGES

e et S ed A= e

oL
d D/L REPLY —>
VDTG CMD & MODE
¢ NAV & WEAPONS DISPLAY DTA ’
WEAPONS STATUS
CIACS i
WEAPONS CMDS
BRG
ADF >
| NAV DISPLAY DTA
MDIG
STATUS
AFCS-R |@- —
APX-72 OBC STATUS
TS OBC INITIATE '
ALR 45 OBC STATUS
ANLZR ¢ OBC INITIATE *f
ALR 50 OBC STATUS >
|__RcvR OBC INITIATE
APX 76
SYNCHRO. OBC STATUS —
NIZER
APX 76 OBC STATUS
SW, AMP \q
APX-76 OBC STATUS #
RCVR/XMTR
OBC STATUS
OBC INITIATE '
LEFT
GLOVE STATUS —>
RELAY BOX
OBC STATUS
ALE-39 ————— —
OBC INITIATE
2184-030W

DT3

FROM DT 3

OBC STATUS

DISCRETES

DISPLAY MODE SELECT
WEAPON STATUS & CMDS
MAN CMD HDG & CRS

TO OT3

RDR ALT

TCN BRG & RNG

ILS ERRORS
IMU-SINE & COS ROLL
IMU/AHRS — PITCH
MAG HDG & BACKUP
FUEL/LOX QTY
AIRSPEED, GND SPD
ANGLE OF ATTACK
PRESS ALT

VDIG DISPLAY DATA
WIND DIR & SPD
RNG TO DEST

OBC SYMBOL WORDS
WEAPONS CMDS

Figure 3-14 DT3 Functional Interface
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Figure 3-15 DT4 Functional Interface
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The data bus interface section provides the transformer coupling, isolation,

line driver receiver, and inhibit logic required to insure a compatible data bus elec-
trical interface and transmitter selection. The encoder/decoder provides Manchester/
NRZ conversions and associated received data and status signals, while accepting the
controls and data for transmission, It is organized to provide independent receive

and transmit functions. The buffer is also designed to provide independent transmit
and receive paths, and is basically a serial to parallel, and parallel to serial dedi-
cated asynchronous receiver transmitter, It is organized to provide the interrupts,
data and status for received information and accept the controls and data for trans-
mitted information. This data bus interface section is designed to operate in conjunc-
tion with the 3000 microprocessor elements as well as so called "dumb'" terminals.
Dumb terminals are data terminals which do not warrant microprocessor capability by
virtue of the simplicity of the user interface and the functions it is to perform. The
data bus interface controls are implemented in hardware logic.

The microprocessor section is organized to provide the arithmetic, logical,
storage, and control functions required by the data bus interface section and the user
interface section. For all terminals the data bus protocol programs will be the same
while the user programs are unique to the user requirements. This section is or-
ganized about a 2 bit slice central processing element and for this application an 8 bit
machine (four slices) was selected.

The hardware for these two sections (data bus interface section and micro-
processor section) are common to each of the four data terminals. Table 3-2 identi-
fies the required parts, size, and card area required. It should be noted that the
parts for a two channel data bus interface section require 26 sq in. of card space
and can be easily mounted on a 5.5 in. x 5 in. card, Thus, for future redesigns of
avionics requiring a data bus compatible interface, the addition of a single card is
the minimum required additional circuitry.

Each of the four data terminals user interface requirements were analyzed
based on the signal input/output requirements of Appendices A and B. Figures 3-17
through 3-20 are block diagrams of the user interface for DT1, DT2, DT3 and DT4,
respectively. Using these figures, an estimate of the required circuitry was per-
formed. The resulting estimated user parts requirements are tabulated in Tables 3-3
through 3-6. Based on the parts count for each data terminal, a physical size was
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determined for the units. The approach and results are tabulated in Table 3-7.
These unit envelope volumes are consistent with the 320 cu in. (4 in. x 8 in, x 10 in.

box) allotted for each data terminal for installation on the aircraft.
3.4.2 Data Terminal Functional Flow

A general flow diagram for the data terminals is illustrated in Figure 3-21.
The basic concept is oriented about the five major functions that each of the data
terminals require. These programs are identified as initialize, built-in-test, ser-
vice user interface, service terminal computations, and service data bus. Interrupts
associated with the data bus, user interface circuitry, and functions are provided to

insure servicing requirements on a priority basis.

The initialize routine is executed each time power is applied to the unit, after

a power interruption or after program watchdog timers have indicated excessive loop

counts in a program. This routine clears the interrupts, presets internal flags, pre-
sets or clears user and data RAM files, and initializes the user and data bus inter-
face circuitry. The built-in-test routine follows the initialize routine on power turn
on, however, portions of this routine are entered whenever the terminal has satisfied
operational functions and does not have interrupts being serviced or in the interrupt
control unit. This routine includes such functions as memory check-sum tests, A/D

and D/A tests, user interface loop checks, simulated user limit computations, stack
status checks, and interrupt watchdog timer checks. The user service must be accom-
plished by reading and writing information from the user RAM files into the user inter-
face hardware. Typical functions required are loading the discrete interface latches,
reading discrete inputs, parallel loading of serial output user registers, reading out
serial input registers, reading out digitally encoded analog data, loading D/A modules,
updating converter analog to analog digital modifiers and initiating and modifying pulse
train information. The terminal computations are those logical or arithmetic functions
which have been assigned to each terminal. They are generally assigned as a function
associated with a user of the terminal, but may be associated with a convenient or
redundant location to perform an arithmetic function that is utilized by other terminals
as well. Typically, these functions are mode control (i.e., IMU or AHRS navigation
functions, OBC class interlocks), reformatting information for compatibility with

| users and data bus, computations (i, e., commanded airspeed error, true angle of
attack, relative TACAN bearing/range). The data bus interface functions are
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associated with servicing the requirement of this interface. The program must re-

spond to transmit, receive and offer commands, transfer data to and from the data 1
hus RAM files, and generate commands and/or data when information is required to

be transmitted or received from other terminals. Thus, this program must be capa-
ble of operating in command/response or polling modes and as either bus controllers ]
or remotes with echo checks of its own transmissions. A flow diagram for DT?2 is

illustrated in Figure 3-22 with annotations relating the identified user, data bus and

computational functions identified for this terminal.

In order to provide an insight into the program memory requirements, the
CSDC program elements were reviewed and assigned to each of the data terminals
according to the user interface, self test and computation requirements (Table 3-8).
This approach is considered conservative and is basically a confirmation that the 4K
main program memory size selected is adequate. In addition, based on experience
in programming, the 3000 and its application with data bus systems, the initialization
and data bus routines are expected to require 3K and 3K, respectively. The total
program memory is expected to be distributed as follows:

Initialization iK
Built-in-Test ik
Data Bus Service b K ?
User Service & Computations 2K
Scratch Pad & Growth 1K
4 K Total

The amount of random access memory required for each of the data terminals is
based upon organizing the memories into two separate files of 8 bit words. A user file
which will service the user input/output data requirements and a data bus file which
will service the data bus interface input/output requirements. This approach results :
in some duplication of data in each file, but this is not considered significant for this 1
preliminary analysis.

The user RAM requirements is based upon analysis of each data terminal user
interface using the baseline information of Appendices A and B. Table 3-9 is an
itemized listing of the RAM requirements for each data terminal. The RAM required

3-42




—— —ered

378VYN3 080
SNivls X071
SSVJdWOD SHHY
IAVIS OV SHHY
734 9QH SHHY

" AHOW3W Sng
V.1iva 8 H3SN NI
S3L13HOSIAQ 3HOLS

ON

S3A

¢
HIWIL
1S04
IDIAH3S
31340sIa

ALD 3N
3TONV avaIT
13030V 1410
O0H 'd 'H SHNVY

SNOILYLNdWNOD

43318 N

21901
TOHLNOD 3O
SHHY WHOJH3d

¥

viva sNg v.iva B
H3SN LYWHO43H

TyNIWE3L
S3IHOWIW SNA 82T e
viva ® H3SN N 8z1-5Z1 e
$3NIVA VL1910 $4NOHO DS SO Bor
ajv
/v 3doLs IHOLS B AJH 31VIHJOHAAY LINX

ON

¢
HIWIL
1SS0y

ERIVY-E

a/v

{O34) ON

(301AH3S SNA v1va) SIA

(LINX) S3A

(3D1AH3S Y3SN) ON

I3
4S04
3JIAH3IS SN8
Y1iva

1s3l1
Ni-LT1iN8

v

3ZI1TVILINI

1HVI1S

2184-038W

$916-38




P

——

vvO
10} O4QH ‘d ‘”
SHHV 38N

vvd
HOd4 DAH 'd 'H
NAWI 3sn

SHNV

¢
H3IWIL
1s0d

301AH3S

vvD

SNLVLS HIMNNVIE

SNL1v.S
HIMNVI8 3HOLS

1

1831
JAVILINI HI3MNVIE HIdNNVIG
3LVILINI
S3A
agonw
ON 280
SN1vLS S'd NI
3810 U3IXNNVIE
378VYN3 280 AHOW3W SN
SNLV1S X0 VYiva B H3ISN NI
SSVJWOD SHHY | S313HOSIO IHOILS

IAVIS OV SHHY
7134 90H SHHY

ON

S3IA

[4
HIWIL
1S0Y
301AH3S
313HO8I10

S1804d
IDNAY3IS

300N
280 31VvNIVAI

f

(ZW4) wua
¥331S 31NdWOD

901
TOHLNOD 3AONW
SHHY WHO4H3d

f

viva sna vivao R
HISN LYNH043Y

Figure 3-22 DT2 Functional Flow

3-43




Table 3-8

Data Terminal User Program and Computation Elements

PROGRAM DESCRIPTION NO. WORDS DT APPLICABILITY
OBC ALE-39 Testing 60 3
Flycatcher Routine 12 4
Command BIT Testing Routine 82 1 2 3 4
Angle of Attack Bias Routine 50 4
OBC Command Routine 31 1 2 3 4
NDRO SIN/COS Tables 1024 1 2
Interrupt Disable Routine 6 1 2 3 4
SINE/COSINE Subroutine 26 1 2
ARCTAN Subroutine 57 1 2

"A'" MATRIX Elements 54

AWG-9 Input Data Routine 19

AWG-9 Output Data Routine 12

Rescale SIN/COS 8 12
VDIG/MDIG Output Routine 22 3
Initialize A/O MUX, BIT & WOW 22 1 3 4
OBC CMD BIT Termination 10 1 3
OBC Clear/Post Fail BITS Routine 5 1 3
Gyro Torque Output 38 1

MUX Input 55 1 2 3
Velocity Output to AWG-9 22

NAYV Data Output to AWG-9 12

Rate Computations 78 2

IMU CAL Data Routine 16

D/L Request Routine 20 3
D/L Output Routine 47 3
D/L Mode Check 12 3
D/L Test Output 15 3
D/L Processing 83 3
VDIG Pitch & Command Speed 10 3

wetmms i e

X = A oo A T

2184-008(W)
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Table 3-8 Data Terminal User Program and Computation Elements (Cont.)

PROGRAM DESCRIPTION NO. WORDS DT APPLICABILITY :
TACAN Input & Output 21 1
VDIG Roll Output 18 3
Radar Altimeter Input 2 1 |
Compute Platform Heading 24 1 2 i
ALE-29A OBC Routine 22 3 ;
Vertical Accel. Computation 8 1 r
Update Mode Routine 38 o
System Altitude Computation 16 i
Fixed Earth Torquing 35 1 ;
"A" MATRIX Update 39 4 (
Velocity Correction Terms 39 E
Gyro Torquing Computation 32 1
Wander Angle Computation 11 4 ;
Latitude Computation 12 4 B
Longitude Computation 6 4 ;
Select IMU/AHRS for Roll & Pitch 38 4

Update Align BITS 21

Comp Valid/Select True Heading 27 1 4

Smooth Magnetic Variation 16 2

Select Mag. Heading Source 14 4

D/L Command Errors 39 3

VDIG (CMD A/S Error/ILS Vert Error) 23 3

MDIG (Magnetic Heading) 4 3

VDIG (ILS Lateral Error) 9 3

MDIG (Ground Speed) 6 3

VDIG (TTG/Reticle, Man Elev) 8 3

MDIG (Wind Dir/Wind Speed) 4 3

VDIG (Vert. GSE) 4 3

MDIG (DSM CMD Hdg (Rel)/CMD CRS

(REL) 4

VDIG (PRES ALT-C/RDR Alt) 17

MDIG (Range to Dest) 4

2184-008(W) 3-45 5916-88
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Table 3-8 Data Terminal User Program and Computation Elements (Cont.)

PROGRAM DESCRIPTION NO. WORDS DT APPLICABILITY
VDIG (CMD Alt Error) 6 3
MDIG (True A/S B) 4 3
VDIG (Lateral GSE) 4 3
MDIG (OBC Symbol Word) 4 3
VDIG (MAG Hdg/CMD Alt) 5 3
Pressure Alt. Rate/Airspeed A 16 4
Airstream Temp/MACH #2 4
Angle of Attack 4
Lift Acceleration 4
MAG Heading/Manual CMD Heading &

Course 13 3
TACAN Bearing Computation 16 1

VDIG (Command Heading) 4 3
MDIG (TACAN Range & Bearing) 3
VDIG (ALT Rate 2) 3
MDIG (ADF Bearing & TACAN Dev) 19 3
VDIG (Angle of Attack & TACAN Dev) 17 3
AFCS Valid & VDIG Display Valid 74 3
Steering Error Reliable 25 3
VDIG (DISCR Data WD to VDIG) 22 3
AWG-9 Discrete Data Word 74

OBC Processing 55 1 2 3
ALE-29/39A Processing 69

APR-45/50 Processing 51 3
TACAN OBC Processing 18 1

D/L OBC Processing 20 3
APX-76 Servicing 44 3
WRA Fail Encoding 50 1 2 3 4
Scratch Pad Test 10 1 2 3 4
Instruction Test 62 1 2 3 4
Memory Checksum Test 6 1 2 3 4
Serial Word Test 24 1 2 3 4
Discrete MUX 20 1 2 3 4

2184-008(W)
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Table 3-8 Data Terminal User Program and Computation Elements (Cont. )

PROGRAM DESCRIPTION NO. WORDS DT APPLICABILITY
Output & Power Supply Test 22 1 2 3 4
] A/D & D/A Test 58 1 2 3 4
j
3 Update Fail BITS 23 1 2 3 4
Packed Discrete Control Words 19 1 2 3 4
Discrete Encoder Table 12 1 2 3 4
Inertial NAV Constants 23 1
Indexed Constants - Various 41 1 2 3 4
Converter Constants (A/D & D/A) 11 1 2
Rate Comp Constants 7 1 2
Various Constants 91 1 2 3 5
SUMMARY
DT1 DT 2 DT 3 DT 4
2225 1955 1546 1414
2184-008(W) 3-47
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Table 3-9 User RAM Requirements

DT 1

ITEM * FUNCTION RAM (WORDS) 3
84 TCN RNG 2
85 TCN BRG 2
86 RDR ALT 2
110 IMU CAL Data 3
120 IMU Temp Mon 2 ;
131-136 Gyro Torg 8 {
142 Roll Angle 2
143 Pitch Angle 2
144 HDG-X1 2
145 HDG-X8 2
146-148 &Vyr AV, AV, 9
188 Azimuth Dev 1
190 Elev. Dev. 1 J
- Discretes & OBC 4

42

DT 2

ITEM* FUNCTION RAM (WORDS) {
157 Roll Synchro
158 Pitch Synchro
159 MAG HDG Synchro
199-204 Coord Transforms 36
—— Discretes & OBC 2

47

2184-009(W)
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Table 3-9 User RAM Requirement (Cont. )

DT 3
ITEM FUNCTION RAM (WORDS)
22 ADF BRG 2
31 SIP 0600 2
32 SIP 0700 3
33 SIP 0701 2
90 MDIG CMD HDG & CRS REL 3
91 RNG TO DEST 2
92 TAS-B 2
93 TCN Dev & ADT BRG 3
94 REL TCN BRG & RNG 3
95 OBC Symbol Word 3
96 CMD A/S & ILS Vert Error 2
97 ILS Lat Error 1
98 TTG & Ret Man Elev 2
99 TCN Dev & True AOA 3
100 Vert Glide Err/Vert Err 1
101 VDIG CMD HDG REL 2
102 Press Alt Rate -2 1
103 Sine & Cos Roll 3
104 Pres Alt-C-RDR Alt 3
105 CMD Alt Err & Scale Change 3
106 Lat Glide Err/Lat Err 1
107 A/C Pitch & CMD A/S 2
108 MAG HDG & CMD Alt 3
109 Discrete Data 2
111-117 D/L MSGS 13
118 D/L RO 2
123 Sine Man CMD HDG 1
124 COS Man CMD HDG 1
125 Sine Man CMD CRS 1
126 Cos Man CMD CRS 1
149 Steer Err 1
-— Discrete & OBC 5
79 TOTAL

2184-009(w)
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Table 3-9 User RAM Requirements (Cont.)

DT 4
ITEM FUNCTION RAM (WORDS)
1 1/2 Sine & 1/2 Cos Roll 3
2 1/2 Sine & 1/2 Cos Pitch 3
3 1/2 Sine & 1/2 Cos HDG 3
4 P & Y Rates 3
5 R Rate & Press Alt Rate 1 3
6 RDR Alt 2
7 TAS A & Mach 2 3
8 Airstream Temp & True AOA 3
9 Longitude 3
10 Latitude 3
11-13 Vz, Vx, Vy 9
14 Vert & Lift Accel 3
15 Sine & Cos MAG HDG 3
16 Discrete Data 3
17 Temp Monitor C 2
18 TACAN BRG & RNG 3
19 Wander Angle 2
20 Platform Azimuth 2
21 Man CMD HDG & CRS 3
23 Press Alt A 2
24 Sys Alt 2
25 Discrete Data Word 1
26-30 OBC 01-05 15
31 SIP 0600 2
32-33 SIP 0700-01 5
34 HDG Correction 2
35-36 X & Y Velocity Corr. 6
37-38 X & Y Tilt Corr. 6
39-40 Sine & Cos. Azimuth Corr 6
41-43 X, Y & Z Gyro Bias Corr 9
44 Discrete Data Word 2

2184-009(W) 3-50 5916-9C
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Table 3-9 User RAM Requirements (Cont.)

ITEM FUNCTION RAM (WORDS)

45 Delta Wander Angle 3
46 GND Track MAG 2
47 GND SPD 2
48 Wind Dir & Speed 3
49 MDIG CMD HDG & CMD CRS 3 z
50 VDIG CMD HDG & Range to Dest| 3
51 & 53 Delta Long & Lat 6
54 Backup MAG HDG 2
55 OBC Symbol Word 3
56 OBC CMDS 2 :
57-69 SOP0600-12 36 ’
70-71 SOP0700-01 3 i
72 Press Alt Rate 1 2 :
73 Press Alt A 2
74 TAS-A 2
5 MACH # 1 2
76 TRUE AOA 2 :
77 FREE AIRSTREAM TEMP 1 ”
78 PRESS ALT RATE 2 1 k
79 PRESS ALT B 2
80 PRESS ALT C 2
81 TRUE AIRSPEED B 2
82 MACH 2 2
83 INDICATED AIRSPEED 2

217 1
*NOTE: Refers to item numbers in Appendix A.

2184-009(W) 3-51 5916-9D




to service the data bus message groups is directly related to the data words trans-

mitted and received by each data terminal (see Table 3-10).

The total RAM requirements for the user and data bus interfaces are sum-

marized us:

DT1 DT2 DT3 DT4

User 42 47 79 217
Data Bus 82 44 104 166
Totals 124 91 183 383

3.4.3 Data Bus Information Transfer Requirements

The data bus information transfer requirements for each of the data terminals
and the system as a whole were derived from the information given in the tables and
figures of Appendices A and B, respectively. Table 3-11 is a tabulation based upon
the terminal to terminal information transfer requirements and is organized to ar-

range the information into message groups. A total of 13 message groups were de-

veloped and configured to minimize the overall data bus usage. These message
group structures are a compromise between the conflicting requirements associated !
with the number of data words, overhead (Command, Status words) and individual

word or bit update requirements. Each message group identifies the source, sink,

number of data words and transfer rate as follows:

- X

1% 7 %37 % :
X, = Source data terminal number J‘
Xy = Sink data terminal number
Xq = Number of data words in message group
X, = Message group transfer rate

Table 3-12 identifies the data bus service time required by each of the four data

terminals by organizing the individual message groups {ransmitted or received for
each data terminal. Each message group is burdened by an offer, command and
status word, along with 15 usec gap time. The resulting normalized total time (usec/
second) represents the time each of the data terminals must utilize a data bus link to




2184-010(W)

Table 3-10 Data Bus RAM Requirements

DT 1
MESSAGE GROUP RAM (WORDS)
12-5-128 10
13-7-32 14
14-7-8 14
14-7-32 14
14-5-128 10
41-10-8 20
82 TOTAL
DT 2
MESSAGE GROUP RAM (WORDS)
12-5-128 10
23-4-16 8
24-5-8 10
24-6-128 12
42-2-8
44 TOTAL
DT 3
MESSAGE GROUP RAM (WORDS)
13-7-32 14
93-4-16 8
34-8-32 16
43-18-8 36
43-15-32 30
104 TOTAL
DT 4
MESSAGE GROUP RAM (WORDS)
14-7-8 14
14-7-32 14
14-5-128 10
24-5-8 10
24-6-128 12
34-8-32 16
41-10-8 20
42-2-8 4
43-18-8 36
43-15-32 30
166 TOTAL
3-53
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Table 3-12 DT Data Bus Service Time (Transmitting and Receiving)

DT1
MESSAGE GROUP USEC/UPDATE INTERVAL USEC/SEC
12-5-128 175 usec/7812. 5 usec 22400
14-5-128 175 usec,/7812.5 usec 22400
13-7-32 215 usec/31250 usec 6880
14-7-32 215 usec/31250 usec 6880
14-7-8 215 usec/125000 usec 1720
41-10-8 275 usec/125000 usec 2200
Total DT1 Data Bus Service Time = 62480 usec/sec
DT2
MESSAGE GROUP USEC/UPDATE INTERVAL USEC/SEC
12-5-128 175 usec/7812.5 usec 22400
24-6-128 195 usec/7812.5 usec 24960
23-4-16 155 usec/62500 usec 2480
24-5-8 175 usec/125000 usec 1400
42-2-8 95 usec/125000 usec 760
Total DT2 Data Bus Service Time = 52000 usec/sec
DT3
MESSAGE GROUP USEC/UPDATE INTERVAL USEC/SEC
13-7-32 215 usec/31250 usec 6880
34-8-32 235 usec/31250 usec 7520
43-15-32 375 usec/31250 usec 12000
23-4-16 155 usec/62500 usec 2480
43-18-8 435 usec/125000 usec 3480

Total DT3 Data Bus Service Time = 32360 usec/sec

5916-12A
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Table 3-12 DT Data Bus Service Time (Cont.)

DT4

MESSAGE GROUP

USEC/UPDATE INTERVAL

14-5-128

24-6-128

14-7-32

34-8-32

43-15-32

14-7-8
24-5-8

41-10-8
42-2-8

43-18-8

175 usec/7812.5 usec
195 usec/7812. 5 usec
215 usec/31250 usec
225 usec/31250 usec
375 usec/31250 usec

215 usec/125000 usec
175 usec/125000 usec

275 usec/125000 usec
115 usec/125000 usec

435 usec/125000 usec

12000

1650
1400

2200
920
3480

Total DT4 Data Bus Service Time = 82780 usec/sec

t NOTE: Message Times Consist of: Offer Word Time + Command Word Time + Status Word
Time + (Nx Data Word Time) + 15 usec Gap Time,

5916-128
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maintain the present user interface information requirements. Data terminals 1
through 4 will utilize data bus service 6,5,3 and 8% of the time, respectively. Table

3-13 is the sum total of the GPMS data bus usage based upon the 13 identified message
groups and represents 11% of a single data bus channels capability. Figure 3-23

illustrates a typical message group activity on the data bus; all 13 message groups
can be transmitted within the maximum update interval (128 times per second) occupy-
ing 2955 usec of the available 7812. 5 usec.

The impact of the flight mission phase upon the information transfer require-
ments is dependent upon the user's interface requirements. A cursory examination
of the information transfer requirements of the selected system indicates it is rela-
tively insensitive to mission phase. The causes for changes in information transfer
requirements are associated with the mode changes of equipment. These mode changes
are initiated automatically as a function flight phase, flight characteristics, external

stimuli, etc., or manually in response to flight operator inputs.

The IMU navigation requirements were examined as a function of mission phase.
The IMU inertial navigation mode is required during all phases of flight. During pre-
flight, the unit goes through the initialize, prealign and align modes prior to the in-
ertial navigation mode. During these preliminary modes, information for establish-
ing initial latitude, longitude, velocities, wander angles, and gyro/accelerometer
scale and correction factors are required by the system. When alignment is com-
pleted and the unit is in the inertial mode, this information is no longer required.
Output information to the IFU remains relatively constant during all phases. Table
3-13A indicates that approximately 4 KBPS more information is required during the
alignment modes of the pre-launch phase than during the inertial navigation mode.

The OBC functions operate in a command activated mode and in continuous
monitor mode for the various OBC functions. In each of these modes, flight and non-
flight inhibits allow certain functions to be performed or establish the validity of the
OBC data. In the command activated mode, the flight operator initiates OBC test
sequences. It may be initiated in flight or during preflight. Typically, OBC command
initiated operation would be performed during prelaunch, cruise to engagement or

flight station and during the return segment of the mission profile. Based upon the
transmission of the OBC operational code word, the OBC symbol word, the MDIG
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Table 3-12 Total Data Bus Message Utilization

MESSAGE TIME FOR TOTAL MESSAGE

MESSAGE GROUP ONE MESSAGE TIME (USEC/SEC)
12-5-128 175 22400
13-7-32 215 6880
14-7-8 215 1720
14-7-32 215 6880
14-5-128 175 22400
23-4-16 155 ' 2480
24-5-8 175 1400
24-6-128 195 24960
34-8-32 235 7520
41-10-8 275 2200
42-2-8 115 920
43-18-8 435 3480
43-15-32 375 12000
TOTAL 108360
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TP

OBC symbol words, the OBC discrete data word, and OBC data words, the change

in information transfer would be a maximum of 1. 6 KBS in the commanded mode.

The data link information was similarly analyzed. The data link may be opera-
tional during aii phases of a mission. Data link information was assumed available
or not depending upon whether a data link transmitting station is active and address-
ing the aircraft. The data link messages and replies constitute a 3.4 KBPS increase
in the data information transfers when active. These changes in information transfer
requirements are relatively insignificant compared to the 108 KBPS previously identi-
fied.

3.4.4 Installation

The No. 5 F-14 test aircraft was selected as a typical test bed for AAES. This
aircraft has been used for avionics system, power system, environmental control
system, and weapon separation tests. More recently, it has been used to evaluate
the radar guidance weapons system (RGWS). Significant equipment volumes are
available since this aircraft does not contain all the equipment of a production item.
The major avionics/ equipment which are not presently installed are the complete
AWG-9 air superiority weapon control system (28 major pieces of equipment) the
gun and gun controller, and vertical display group (see Figure 3-24). The AWG-9
computer subsystem will be reinstalled to provide the required interface to DT4,
which will provide the equivalent CSDC/AWG-9 computer IFU interface. In addition,
the vertical display indicator group (VDIG converter, VDI and HUD) will be installed,
as well as the AWG-9 Tactical Information Display (TID). These equipments are re-
quired to provide the navigational and OBC display capability. The gun compartment
presently contains instrumentation and can provide additional equipment areas if the
need arises. Presently, there appears to be no need to install AAES equipment in

this aresa.

Figure 3-25 illustrates the installation of a complete AAES/GPMS system in
test aircraft No, 5. The equipment inventory is based on the following considerations
and requirements.

Two SOSTEL Master Units (MU) are located in reference locations A and G.
These units are serviced by two GPMS data terminals located in the same referenced
locations. Since the SOSTEL system is considered an aircraft subsystem, these
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GPMS data terminals would provide the bus interface and bus protocol and MU serial

or parallel interface requirements when the SOSTEL system is operating in conjunc-
tion with GPMS data terminals. If the SOSTEL system is operating without GPMS,
these two data terminals are not required, since the SOSTEL MUs will have a two
channel dedicated bus interface.

The four data terminals identified in this report are located in reference loca-
tions B (DT1), G (DT2), E (DT3) and M (DT4).

Two additional data terminals supporting the SOSTEL system with user inter-
faces compatible for non-SOSTEL input and output signals are located in reference
locations B and H. Two double channel cable control units will provide channel polling
offers for the SOSTEL (MUs) and GPMS avionics data terminals. These units are

located in reference locations B and H.

Two locations, one forward of the pilot (H) and one aft of the NFO (M) were
selected to contain the housing for 2 MUX/DMUX, 1 DMUX and their associated SSPCs.
This installation allows for two centralized locations for SOSTEL terminals and SSPCs
that are located in the areas of the majority of avionic loads and signal sources.
Location M will also contain the PGS converter. An additionai MUX/DMUX is located
between locations H and M in location I. Two MUX terminals are to be installed in
forward (C) and aft (F) locations.

The pilot's panel will be installed in the NFO's right side console (reference
location J). The CCDP (nonflight unit) can be installed for ground checkout in the
area which is normally occupied by the AWG-9 Detail Data Display (DDD). This will
allow ground correlation between the operation of both displays and the system by one

operator.
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Section 4

FUTURE REDESIGNED AVIONICS INCORPORATING
MIL-STD-1553A INTERFACES

A survey of the F-14A avionics was performed to identify whether a future re-
design could incorporate MIL-STD-1553A data bus interface circuitry. The equip-
ment selected are those which were considered during some phase of this study.
This effort did not justify the incorporation of data bus circuitry because this is
largely dependent upon factors not considered during this study. The rationale for i
or against incorporating a data bus interface may be as wide and varied as:

e Avionics update is required for other functional reasons
e Limited or widely utilized military avionics

o Equipment size or information transfer requirements

e Equipment distribution

e New equipment for CILOPS or new aircraft

e Data bus loading constraints.

Table 4-1 lists the available card space of the equipment surveyed. This card
space was identified by physical examination of the units or their drawing and consult-
ing the cognizant engineers. It is based upon deletion of the existing interface cir- :
cuitry which would be replaced by the data bus interface circuitry. '

A minimum data bus interface is illustrated on Figure 4-1. It is designed to
provide a compatible MIL-STD-15534 interface for data terminals organized about
microprocessor or hardware users. This design, using existing or under development

components, is mounted on a 4 in. x 4} in. card. The primary elements of this two
channel card are:

ST 7 e am o,

T

e Transformers and Isolation: Provide coupling and isolation between the
transmitter/receiver and the data bus.

4-1




Table 4-1 1553 Universal Buffer Functions

1 Two inputs from the receiver accepting unipolar complemen-
RCV BIPHASE tary TTL compatible data.
) 2 Two outputs to the transmitter providing unipolar complemen-
XMIT BIPHASE tary TTL compatible data.
3 An interrupt occurring at bit time 6 identifying the received
TRANSMIT COMMAND word as a transmit command addressed to this unit.
INTERRUPT
4 An interrupt occurring at bit time 6 identifying the received
RECEIVE COMMAND word as a receive command addressed to this unit.
INTERRUPT
5 An interrupt occurring at bit time 6 identifying the received
BROADCAST word as a command to be recognized by all units.
COMMAND
INTERRUPT
6 A status bit indicating the 5 bit message field of a command
ZERO MESSAGE addressed to this terminal is all zeros.
FIELD
7 A status bit indicating the 5 bit word field of a command ad-
ZERO WORD FIELD dressed to this terminal is all zeros.
8 A status bit indicating a received word of a message ad-
VALID WORD dressed to this terminal has all the characteristics for
validity. This implies correct sync, Manchester formatted
data, correct number of bits, and odd parity. Valid word oc~
curs during the received word parity time.
9 A status bit indicating improper Manchester or incorrect

INVALID WORD

parity. Invalid word may occur anytime during a received
word after the sync.

10
DATA AVAILABLE

A status bit indicating the contents of the receive register has
been transferred to the receive buffer and therefore the re-
ceived word is available to the user.

11
DATA REQUEST

A status bit indicating the contents of the transmit buffer has
been loaded into the transmit register and therefore a new word
can be loaded into the transmit buffer.

12 A status bit indicating the last data word is in the process of
MESSAGE COMPLETE being received or the last data word is being transmitted.
13 A status bit indicating whether either or both inputs from the
IDLE/BUSY receiver are transitioning.
14 A sixteen microsecond envelope bracketing the data field of
COMMAND SYNC command/status words for use during serial receive operation.

2184-015W
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Table 4-1 1553 Universal Buffer Functions (Cont)

15 A 16 microsecond envelope bracketing the data field of data
DATA SYNC words for use during serial receive operation.
16 A serial sixteen bit non-return to zero signal covering the

SERIAL RECEIVE NRZ

data field of all received words.

17 A sixteen bit serial clock derived from the received man-
RECEIVE CLOCK chester data of all words.
18 A sixteen microsecond envelope bracketing the data field of
SEND DATA all transmitted words for use during serial transmit operation.
19 A sixteen bit serial clock under the send data envelope for
SEND CLOCK shifting in transmit NRZ data.
20 A sixteen bit parallel tri-state input/output interface for ac-

8/16 BIT DATA BUS

cepting data from the receive buffer or putting data in the
transmit buffer.

21
BUS CONTROLLER

An input control signal identifying in which the mode the buffer
is to operate. Users acting as bus controller or backup bus
controllers will control this input. Users not capable of
acting as bus controllers will have this input handwire. The
primary distiv :tion being the ability to initiate commands and
decode receiv d commands or offers.

22
TRANSMIT MODE

An input signal causing the buffer to start transmissions de-
pending upon the state of bus controller and auto command
response.

23 An input signal identifying the mode in which the data bus in
8/16 BIT DATA BUS to operate, one 16-bit byte or two 8-bit bytes.
OPERATION
24 An input signal to initialize the buffer on power turn on or
POR/INITIALIZE subsequently.
25 An input signal which when active takes the tri-state status

STATUS ENABLE

data out of the high impedance state. When used with a pro-
cessor, the buffer status bits may be wire ''or'ed"' to the
8/16 bit data bus. When used with a '"dumb'' terminal, this
output may be hardwired providing active status (may be used
for control functions) information continuously.

26 Five inputs which would normally be hardwired identifying
ADDRESS (5) this units address.
27 The basic 12 MHz clock required for operation of the unit.
CLOCK

28 An input signal identifying the type of sync (command/status

TRANSMIT SYNC or data) which the buffer is to generate for a transmit word.
POLARITY
29 An input pulse which directs the unit to accept and place into

TAKE DATA ENABLE

the transmit buffer the data on the 8/16 bit data bus. Two take
data enable pulses are required for 8 bit operation.

2184-015W
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Table 4-1 1553 Universal Buffer Functions (Cont)

30
READ DATA ENABLE

An input pulse which places the contents of the receive buffer
onto the 8/16 bit data bus. Two read data enable pulses are
required for 8 bit operation.

31 An input signal indicating acknowledgement of the bit time 6
INTERRUPT interrupts and causing them to be reset.
ACKNOWLEDGE
32 A 16 bit serial NRZ input utilized during serial mode of
SERIAL TRANSMIT operation. Data is synchronous with the send date envelope
NRZ and send clock.
33 An input signal identifying the mode of operation of the buffer
PARALLEL/SERIAL relative to the user interface.
OPERATION
34 An input signal causing the buffer to go into a ''dumb user"'
AUTO COMMAND response mode. The buffer will respond to a valid addressed
RESPONSE transmit command by initiating the transmission, appending
the correct address and sync polarities and terminating trans-
mission after the last commanded word count. The buffer
will respond to a valid addressed receive command with the
status word, appending the sync polarity, address and message
error. This form of operation is useful for those terminals
having fixed and a limited number of message groups to receive
or transmit.
35 The buffer is capable of echoing its own data transmissions

ECHO INHIBIT

along with the receive status information. For those users
which may desire to periodically or permanently inhibit or
enable this function, this input control is provided.

36
SYNC POLARITY

An input signal identifying the transmit sync to be used for
transmit words. This function operates in conjunction with
the auto command response and bus controller inputs.

2184-015W
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Figure 4-1 Data Bus Interface Card
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e Transmitter/Receiver: A single package hybrid designed to provide the

transmitted biphase drive capability and ohsteperous transmitter inhibit at
the closest point to the data bus channel interface. The receiver scction
provides biphase detection, conversion to TTI levels, bandwidth filtering,
and threshold selection,

e Common Logic: The common logic is designed using MSI-TTL circuitry to

provide a common path between the recciver/transmitters and the encoder/

decoder. It provides threshold adjust circuitry for the receiver, sensitivity
selection, and transmitter channel selection as function of the channel upon
which the unit was addressed, or user preference. In addition, shutdown

circuitry is provided to protect against blabber-mouth terminals.

e [Encoder/Decoder: The encoder/decoder provides Manchester to NRZ and

NRYZ to Manchester conversions, and receive and transmit control signals.
While the device is a 40 pin LSI, only five receive signals and five transmit .
signals are required to interface with the buffer or user. The unit is de-
signed to accept 16 bit serial NRZ data from the buffer for transmission.

The unit generates the transmit sync polarity as directed and automatically
appends the correct parity when transmitting. The receive section detects the
presence of received words containing correct sync and Manchester format
and generates a 16 usec envelope and clocking signals to shift out to the
buffer a 16 bit NRZ word. The type of word (command/status or data) is
identified by the envelope. If all conditions of a received word are correct
(number of bits, Manchester coding, parity) a valid word signal is generated

after each received word.

e Parallel/Serial-Serial/Parallel Buffer: The buffer's primary functions is

to provide the serial to/from parallel conversions, the controls, interrupts,
and status information for the user. It is designed as a 40 pin-LSI device
and maintains the independent transmit/receive paths of the encoder/decoder.
Data transfer functions are provided by a 16 bit transmit and a 16 bit receive
register which are serviced by a 16 bit transmit buffer and 16 bit receive
buffer storage. These are organized in 8 bit bites to accept or deliver data

to the 8 bit tri-state bus in response to take and read signals from the user.
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Interrupts and controls are generated in response to command word recep-
tion of the command type (transmit, receive, broadcast). Mode controls
provide the flexibility to initialize the unit, initiate or respond with trans-
missions, and provide the flexibility for the unit to operate as either a re-
mote terminal responding to commands or as a bus controller initiating
commands. Status information is provided as tri-state (or discretes) out-
puts which alert the user of unique polling offer word fields, data transfer
alerts, and critical operating conditions or modes, The unit has several
unique and automatic functions such as a message complete function. This

F operates to alert the user of the thirty-third word transmitted in the case of
a bus controller. In addition, as a remote unit, it is generated in response
to the correct number of data words received or the correct number of words
transmitted and initiates and/or stops transmission. Internal idle line re-
sets cause the unit to revert to the receive mode in the event of message

failures.

A future LSI design of this interface combining the encoder/decoder and serial/
parallel interface functions and specifically designed for MIL-STD 1553A formats is
illustrated in Figure 4-2 (1553 Universal Buffer). The transmitter/receiver section
would not be part of this design due to the power dissipation requirements. This 64
pin LSI is conceived to provide the interface to a user which may be an 8 or 16 bit
processor or a hardware (so called dumb terminal) terminal. It is capable of pro-
viding a serial or parallel interface along with the associated controls and status.
The function of each of the input/output pins as presently identified is shown in Table
4-2, i

Based upon a two channel bus interface occupying approximately 224 in. of
card space and allowing an additional card for unique user interface requirements it
appears that most of the F-~14 equipment surveyed (Table 4-1) could accept the re-
quired hardware. A future production run of the tabulated avionics could easily con-
tain the required data bus interface circuitry under the same physical envelope based
solely on state-of-the art electronics redesign and new layouts. '
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Figure 4-2 1553 Universal Buffer
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APPENDIX B

GPMS FUNCTIONAL FLOW
BLOCK DIAGRAMS
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A)

CADC

TRUE AIRSPEED A

111 BITS, 220 BPS)

MACH NO. 2

B}

CADC

{11 BITS, 220 8PS}

TAS A

CSDC

BUFFER &
REFORMAT

S1PO306
TRUE AIRSPEED A/MACH NO. 2

(22 BITS, 176 BPS)

DT4

(11 BITS, 220 BPS)
MACH NO. 2

IFU

(11 BITS, 220 BPS)

TAS A/MACH NO. 2

2184-044W

5916-44

(SIP 0306, 22 BITS, 176 BPS)

BUFFER &
REFORMAT

DATA
BUS

DATA BUS INFORMATION TRANSFER

NOT REQUIRED CADC & IFU SERVICED BY SAME DT

Figure 1 True Airspeed A/Mach No. 2
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ﬂ VvDIG

A) CSDC
MACH NO. 1
10 BITS. 200 6081 AL v. |CMD AIRSPEED ERROR
CADC COMPUTE E ™8 BITs, 80 BPS)
INDICATED AIRSPEED VE=Ve -tV + Vo)
Vo
BUFFER & CMD AIRSPEED
REFORMAT V v
oiL CMD AIRSPEED c C| (6 8ITS, 60 BPS)
v
{6 BITS) c
8) DT4
MACH NO. 1
(10 BITS, 200 BPS) REFORMAT &
CADC TRANSMIT
V,&V,T0
DT3
INDICATED AIRSPEED
(10 BITS, 200 BPS
DATA BUS
DT3
oI :ZGMD TAunsPEEo lvc
BITS) COMPUTE V.
CMD AIRSPEED ERROR y
{8 BITS, 80 8PS) E
VvDIiG REFORMAT V¢
CMD AIRSPEED v
F(e BITS, 60 BPS) ¢
DATA BUS INFORMATION TRANSFER
DT4 TODT3 1) MACH NO. 1 (10 BITS, 200 BPS)
2) INDICATED AIRSPEED (10 BITS, 200 BPS)
2184-045W
Figure 2 Command Airspeed/Error
591643 B~-2




A)

CADC

TRUE ANGLE OF ATTACK

(11 BITS, 220 BPS)

FREE AIRSTREAM TEMP

B

CADC

{9 BITS, 180 BPS)

TRUE ANGLE OF ATTACK

ANGLE OF ATTACK

FREE AIRSTREAM TEMP/TRUE

(22 BITS, 176 BPS)

TRUE ANGLE OF ATTACK

—{ IFU

vDIG

{11 BITS, 110 BPS)

CcsDC
—»
BUFFER
&
REFORMAT
DT4

(11 BITS, 220 BPS)
FREE A/S TEMP

e REMORMAT
DATA TOIFU

IFU

{9 BITS, 180 BPS)
FREE A/S TEMP/TRUE

ANGLE OF ATTACK
‘;

~P| ¢ REFORMAT &
TRANSMIT TO
DT3

VDIG

(S1P0307, 22 BITS, 176 BPS)

TRUE ANGLE OF ATTACK

¢ REFORMAT

2184-046W

5916-46

(11 BITS, 110 BPS)

DT 3

DATA BUS INFORMATION TRANSFER
DT4 TO DT 3 — TRUE ANGLE OF ATTACK (11 BITS, 110 8PS)

DATA BUS

Figure 3 Free Airstream Temp/True Angle of Attack
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Figure 4 OBC (Cont.)
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A)

PRESS. ALT RATE-2

{9 BITS, 180 BPS)

PRESS. ALT RATE-2

CSDC

BUFFER &
REFORMAT

DT4

PRESS. ALT RATE-2

(9 BITS, 180 PB

PRESS. ALT RATE-2

REFORMAT &
TRANSMIT TO
DT3

(9 BITS, 90 BPS)

DATA BUS

§ cADC
B)
CcADC
VDIG
2184-049W

o

(9 BITS, 90 BPS)

REFORMAT &
TRANSMIT TO
VDIG

DT3

DATA BUS INFORMATION TRANSFER
DT4 TO DT3 PRESS. ALT RATE-2 (9 BITS, 180 BPS)

Figure 5 Pressure Altitude Rate -2
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A) CSDC

PRESS. ALT. B b he +h__+p |PRESS. OR RDR ALT. BIL :
P8 'PB° PC 'R !
CADC {9 BITS, 180 BPS) ;
PRESS. ALT. C h i
(10 BITS, 200 BPS) pC i
:
hoc ® Mon PRESS. ALT.C & RDR ALT. > i
RDR ALT.
ROR ALT. ¥ "y {21 BITS, 210 BPS)
(13 BITS, 260 BPS)
he CMD ALT. ERROR o] vois
{9 BITS, 90 BPS)
oL CMD ALT. SELECT b |,
c CMD ALT. N
{7 BITS, 70 BPS)
RDR ALT.
{S1PO305)
b 1FU
(12 BITS, 96 BPS)
¥ 8) DT1
’ RDR ALT RDR ALT. H
’ (13 BITS, 260 BPS) TRANSMIT IDATA BUS
RDR ALT.
7O DT3
& DT4
DATA BUS INFORMATION TRANSFER
oT3 DT1 TO DT3 - RDR ALT. (13 BITS, 260 BPS)
OT1 TO DT4 - RDR ALT. {13 BITS, 260 BPS)
DT4 TO DT3 - PRESS. ALT. B (9 BITS, 180 BPS)
CMD ALT. (SELECT h) —p{ ¢ SELECT RDR DT4 TO DT3 - PRESS. ALT. C (10 BITS, 200 BPS)
{8 BITS) OR PRESS.
D/L ALT FOR D/L
PRESS. OR RDR ALT.
{8 BITS)

PRESS. ALT.C & RDR ALT.|e RCV-CMD ALT,,

PRESS. ALT.
9 {21 BITS, 210 BPS) & COMPUTE

CMD ALT. ERR

VvDIG LﬂD ALT. ERROR
{9 BITS, 90 BPS)

L CMD ALT.

(7 BITS, 70 8PS}

DT4

RADR ALT. RCV RDR ALT.
IFU FROM DT

(SIPO305, 12 BITS, 96 BPS)

PRESS. ALT. B ’J TRANSMIT
(9 BITS, 180 BPS) PRESS. ALT.

cAOC TO OT3
PRESS. ALT. C

(10 B8ITS, 200 BPS) L
2184-050W

Figure 6 Command Altitude Error, Command Altitude, Pressure Altitude, Radar Altitude
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A)

CADC

TRUE AIRSPEED-B

BUFFER &

B)

CADC

{11 BITS, 220 BPS}

TRUE AIRSPEED-B

’ REFORMAT

TRUE AIRSPEED-B

{11 BITS, 110 BPS)

TRUE AIRSPEED-B

MODIG

—

(8 BITS)

DT4

DATA

REFORMAT &

MDIG

(11 BITS, 220 BPS)

TRUE AIRSPEED-B

TRANSMIT
TO DT3

BUS

DT3

g

D/L

(11 BIRS, 220 BPS)

TRUE AIRSPEED-B

RECEIVE &
REFORMAT
FOR MDIG
& D/L

2184-051W

(8 BITS)

I

DATA BUS INFORMATION TRANSFER

»

DT4 TO DT3 — TRUE AIRSPEED-B (11 BITS, 220 BPS)

Figure 7 True Airspeed-B
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csoc

A) ‘
$1PO500
) Wow/wow SCRETE DATA WORD IFV
ol
3 LEFT GLOVE | (2) DISCRETES ’T (8 BITS, 64 BPS) ‘
: NAV ALIGN
ENABLES
8L e CONFIGURATION FLAG WUMPER)
e APC TEST COMPLETE
APC TEST COMPLETE e PILOTS OBC
APC Wow
(1) DISCRETE ’r s
o WOW
CONFIGURATION * OBC FAIL INTERNALLY
FLAG E; © CONVERSIONS FAIL 1 ceneRaTED
e D/L FAIL
MASTER PILOTS OBC DISCRETE (1)
TEST PNL g
DT
8) DATA BUS
APC TEST COMPLETE (DISCRETE) FORMAT &
APC TRANSMIT TO
oT4
DT2
MASTER PILOTS OBC DISCRETE (1) FORMAT &
TEST PNL TRANSMIT
TO DT4
oT3
WOW/WOW (2 DISCRETES) J FORMAT &
LGRB TRANSMIT TO |
; DT4
3
DT4
! U OBC DISCRETE DATA WORD (SIPO500) FORMULATE
{8 BITS, 64 BPS) SIPOS00 FOR
1FU
DATA BUS INFORMATION TRANSFER
OT1 TO OT2 (4 BITS, 32 BPS)  DISCRETES
DT2 TO DT4 (4 BITS, 32 BPS)  DISCRETES
DT3 TO DT4 (4 BITS, 32 BPS)  DISCRETES
2184-052W

5916-52

Figure 8 SIP0500 - OBC Discrete Data Word
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& 4T

-

A)
SOP0G00 TO SOP0612 (DISPLAY DATA)
VDIG ; (13 WORDS, 5424 BPS) IFU
SIPO600 (DISPLAY MODE SELECT)
{10 BITS, 320 BPS)
)
8 DT3 , A
SOP0E00 TO SOPD612 (DISPLAY DATA) i
Rt N
{13 WORDS, 5424 8PS) DATA BUS .
® BUFFER, i
VoG STORE & 4 i
REFORMAT :
SIPO600 (DISPLAY MODE SELECT) -
{10 BITS, 320 BPS)
- 1
;S
:
]
DT4
$OP0600 TO DOP0612 (DISPLAY DATA)
(13 WORDS, 5424 BPS)
e BUFFER,
IFU STORE &
REFORMAT
SIPO600 (DISPLAY MODE SELECT) ‘
(10 BITS, 320 BPS) : 1
!
DATA BUS INFORMATION TRANSFER !
DT4 TO DT3 — SOP0600 TO SOP0612 (13 WORDS, 9 TO 24 BITS/WORD, 5424 BPS)
DT3 TO DT4 — SIPOGOO (10 BITS, 320 BPS)
2184-053W
Figure 9 VDIG/IFU SIP/SOP06
5916-53 B-10




A}

cSDC
TCN R o TCN BRG/RNG (SIP0408)
TACAN CN BRG/RNG »|5 o R, o BUFFER& R, a,c P IFU
(32 BITS, 630 BPS) ¢ 'c REFORMAT c (24 BITS, 192 BPS)
o COMPUTE R, 6, . REL. TCN BRG/TCN RNG
= - C C
AHRS MAG HDG v, b B, "V (23 BITS, 230 BPS)
(3-WIRE SYNCHRO) MDIG
DEV,_ TCN DEV >
(9 BITS, 90 BPS)
e COMPUTE
SINE/COS MANUAL CMDCRS DEV. . =8, —CC TCN DEV
MDIG P CC, €t ™ pev s —!  VvDIG
{2-DC ANALOGS, +10 VDC, tc (9 BITS, 90 BPS)
20/SEC) e ATOD
ot DATA
B)
BUS
TACAN TCN BRG/RNG |6 R, © REFORMAT & XMIT
cA (32 BITS, 640 BPS) c ¢ TODT3&DT4
DT2
MAG HDG ¢ ® SYNCHRO TO DIGITAL
AHRS PV m & XMIT TO DT3
DT3
® A/D
SINE/COS MANUAL CMD CRS ce e COMPUTE §
_’ m tcR
REL TCN BRG/TCN RNG 8, .R
MDIG 23 BITS, 230 BPS) cR " t; ¢ COMPUTE DEV,
TCN DEV (9 BITS, 90 BPS) DEV
t_ ® REFORMAT & XMIT
DATA TO
MDIG & VDIG
TCN DEV
VDIG DEV,
[
DT4
\FU TCN BRG/ANG 8, °R,  REFORMAT&
(S1P0O408, 24 BITS, 192 BPS) ¢ ¢ TRANSMIT TO IFU

DATA BUS INFORMATION TRANSFER

DT1TO DT3 TCN BRG/RNG (32 BITS, 640 8PS)
DT1TO DT4 TCN BRG/RNG (32 BITS, 640 BPS)
DT2 TO DT3 MAG HDG (16 BITS, 320 BPS)

Figure 10 TACAN Bearing/Range, TACAN Deviation, Relative TACAN Bearing Angle

2184-054wW
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A)

csoc

AHRS

MAG HDG RELIABLE (DISCHETT

AHRS MODE (2 DISCRETES)

MAG HDG
(3-WIRE SYNCHRO)

IMAG HDG BACKUP

MHR

PIMH  , SYNCHRO TO

MAG HDG

MH
o REFORMAT

DIGITAL FOR:
SINE (11 BITS)
COS (11 BITS)

(11 BITS 110 BPS}

SINE & COS MAG HDG (SIP0400)

' MDIG

ANGLE (12 BITS)

(22 BITS, 176 BPS)

IFU

e SWITCHING
\FU SOPO4TT) -t MHB
(12 BITS, 96 BPS)
MAG HDG
MH + MHB
(11 BITS, 110 BPS)
oT2
8 DATA BUS
MAG HDG REL
MHR e SYNCHRO TO DIGITAL:
AHRS MODE SINE, COS, ANGLE &
AHRS TRANSMIT TO DT3 & 4 ——ﬁ
MAG HDG MH ® AHRS MODE LOGIC &
COMPUTATIONS
DT3
MAG HDG MH
MDIG 51 BITS, 110 BPS)
e REFORMAT MH & MHB
FOR MDIG & VDIG r——'?
MAG HDG
VvDIG MH + MHB
{11 BITS, 110 BPS)

DT4

MAG HDG BACKUP

EOPMH b
INE & COS MAG HDG (SIP0400) |
(22 BITS, 176 BPS)

e REFORMAT & TRANSMIT
MAG HDG BACKUP TO DT3

e RCV & REFORMAT SINE/
COS FOR IFU

DATA

BUS INFORMATION TRANSFER

DT2 TO DT4 SINE MAG HDG (11 BITS, 88 BPS)
DT2 TO DT4 COS MAG HDG (11 BITS, 88 8PS}
DT4 TO DT3 MAG HDG BACKUP (12 BITS, 96 BPS)

2184-055W

5916-55

Figure 11 Magnetic Heading, Sine and Cos Magnetic Heading
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A) csoc :
| GND SPD (SOP0402) GND SPD 1
—» -
(12 BITS, 96 BPS) (12 BITS, 120 BPS)
IFU REFORMAT MDIG 1
WIND DIR & SPEED (SOP0403) & BUFFER WIND DIR & SPEED » i
(18 BITS, 144 BPS) . (18 BITS, 180 BPS)
CMD HDG & CRS (SOP0404) CMD HDG & CRS
—> —>
(12 BITS, 192 BPS) (23 BITS, 230 BPS) 4
RNG TO DEST (SOP0405) » RNG TO DEST .
(12 BITS, 96 BPS) (12 BITS, 120 BPS)
OBC SYMBOL WORD (SOP0415) OBC SYMBOL WORD -
(24 BITS, 192 BPS) . | (24 BITS, 240 BPS)
B) DT4
GND SPD (SOP0402)
—
IFU WIND DIR & SPEED (SOP0403) BUFFER &
=P REFORMAT
CMD HDG & CRS (SOP0404) FOR DATA BUS
P| TRANSMISSION
RNG TO DEST (SOPO405)
L g
0BC
—

DT3

4 — oo

GNDSPD (12 BITS, 120 BPS)

WIND DIR & SPD (18 BITS, 180 BPS)

BUFFER &
REFORMAT CMD HDG & CRS (23 BITS, 230 BPS) MDIG
FOR MDIG

RNG TO DEST (12 BITS, 120 BPS)

OBC SYMBOL WORD
(24 BITS, 240 BPS)

DATA BUS INFORMATION TRANSFER

DT4TO DT3 GNDSPD (12 BITS, 96 BPS)
WIND DIR (9 BITS, 72 BPS)

WIND SPD (9 BITS, 728PS)

CMD HDG (12 BITS, 96 BPS)

CMDCRS (12 BITS, 96 BPS)

RNG TO DEST (12 BITS, 96 BPS)
OBC SYMBOL WORD (24 BITS, 192 BPS)

2184-056W

Figure 12 Range to Destination, OBC Symbol Word, Groundspeed, Wind Direction,
Wind Speed, Command Heading, Command Course
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A) CSDC

F
AOF ADF BEARING _s{* SYNCHRO TO DIGITAL ADF BEARING @
(3IWIRE SYNCHRO) {10 BITS, 100 BPS)

ELEVATION FLAG ALARM

(DISCRETE) ILS VERTICAL ERROR »
ELEVATION DEVIATION 19 BITS. 90 BPS)
ILs {DC ANALOG, 20 SAMPLES/SEC) . A0
RCVR AZIMUTH FLAG ALARM

(DISCRETE) ILS LATERAL ERROR
AZIMUTH DEVIATION (9 BITS, 90 BPS)
{DC ANALOG. 20/SEC)

VOIG

TIME TO GO TIME TO GO
(MESSAGES 19 & 21 (6 BITS} ’ e BUFFER & (6 BITS. 60 BPS)
oL VGSE/VE REFORMAT VGSE/VE
(MESSAGES 6. 10, 18 — 6 BITS) (6 BITS. 60 BPS)
LGSE/LE
(MESSAGES 6, 10, 18 — 7 BITS) {7 BITS, 70 BPS)
B) DT1
ELEV FLAG ALARM
—
ELEV DEVIATION
4 iLs =¥ * %?Agsn
RCVR | AZIMUTH FLAG ALARM > TO DT3
_ AZIMUTH DEVIATION
E J
: T DATA BUS
ADF BRG : ADF BRG
ADF ——p  ® SYNCHRO TO m
DIGITAL
TIME TO GO — TIME TO GO (6 BITS, 60 BPS)
DIL VGSE/VE (6 BITS) —» ¢ BUFFERS VGSE/VE (6 BITS, 60 BPS)
REFORMAT
E (7 BITS LGSE/LE (7 BITS, 70 BPS)
LGSE/LE (7 ) > VvDIG
ILS VERTICAL ERROR (9 BITS, 90 BPS)
ILS LATERAL ERROR (9 BITS, 80 BPS)
oT3
DATA BUS INFORMATION TRANSFER
DT1TO DT3 ILS VERTICAL ERROR (9 BITS, 90 BPS)
ILS LATERAL ERROR (9 BITS, 90 BPS)
2184-057W
Figure 13 ADF Bearing ILS Vertical Error, ILS Lateral Error, Time to Go, Vertical
Guide Slope Error/Vertical Error, Lateral Guide Slope Error/Lateral Error
5916.57 B-14
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A)

CIACS

PNL

ELEVATION LEAD ANGLE

(DC ANALOG, 20/SEC)

CMD HDG REL

B}

CIACS
ACM
PNL

(SOP0405, 12 BITS, 96 BPS)

ELEV LEAD ANGLE

—

IFU

N

csoc
RETICLE MANUAL ELEVATION
® A/D {9 BITS, 90 BPS)
e REFORMAT VvDiG
& BUFFER CMD HDG REL
—
(12 BITS, 120 BPS)
DT3
RETICLE MANUAL ELEV
® A/D (9 BITS, 90 BPS)
s BUFFER & VDIG
REFORMAT CMD HDG REL
i

{12 BITS, 120 BPS)

DATA BUS

CMD HDG REL

2184-058W

{SOP0405, 12 BITS, 96 BPS)

—

& REFORMAT &
XMIT TO DT3

DT4

DATA BUS INFORMATION TRANSFER
DT4 TO DT3 CMD HDG REL (12 BITS, 96 BPS)

Figure 14 Reticle Manual Elevation, Command Heading Reliable
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A) CSDC

ROLL  (3-WIRE SYNCHRO) ADD CODE 7 (SINE & COS A/C ROLL) i
> .[_‘— i
IMU [ (IMU FAIL DISCRETE) > ® SYNCHRO TO DIGITAL | (22 BITS, 220 BPS) VDIG :
FOR SINE, COS & ‘
ANGLE OF IMU & X
MRS ROLL  (3-WIRE SYNCHRO) »|  AHRS ROLL SYNCHROS J
e IMU/AHR SWITCHING i
o D/A (ROLL ANGLE) % SINE & % COS ROLL ANGLE i
COMPUTE IMU/AHRS {SIPO300, 24 BITS, 3000 BPS)
FOLL RATE ROLL ANGLE
FORMATING - IFU
e COORDINATE (DC ANALOG)
TRANSFORMS ROLL RATE >
(S1IP0304, 12 BITS, 96 BPS)
B) DT1
ROLL {3-WIRE SYNCHRO) ol ¢ syncuRroTO DIGITAL |
IMU | IMU FAIL (DISCRETE) TO SINE, COS, ANGLE
> RATE
DT2
ROLL - e SYNCHRO TO DIGITAL
NGLE,
AHRS SWIRE SYNCIRO) TO SINE, COS, ANGL
RATE
e COORDINATE TRANS-
FORMS
oT3
VOIG ADD CODE 7 {SINE & COS A/C ROLL) e RCV, BUFFER
. & FORMAT SINE
(22 BITS, 220 BPS) & COS FOR VDIG
DT4
% SINE & % COS ROLL ANGLE
(SIPO300, 24 BITS, 3000 BPS) ¢ RCV, BUFFER &
FORMAT SINE &
FU ROLL ANGLE COS FOR IFU
- e D/A CONVERSION __.1
(DC ANALOG) OF ROLL ANGLE DATA
® IMU/AHRS BUS
SWITCHING

(SIPO304, 12 BITS, 96 BPS)

DATA BUS INFORMATION TRANSFER

DT1TO DT2 IMU — SINE & COS ROLL (24 BITS, 3000 BPS)

DT1 TO DT3 IMU — SINE & COS A/C ROLL (22 BITS, 220 BPS)

DT1 TO DT4 IMU — % SINE & % COS ROLL (24 BITS, 3000 8PS)
IMU - ROLL RATE (12 BITS, 96 BPS).

DT2 TO DT3 AHRS — SINE & COS A/C ROLL (22 BITS, 220 BPS)

DT2 TO DT4 AHRS - % SINE & % COS ROLL (24 BITS, 3000 BPS)
AHRS — ROLL RATE {12 BITS 96 BPS)

2184-059W

Figure 15 Sine and Cos Aircraft Roll, Roll Angle and Rate

B-16

5916-59




% SINE & %COS PITCH ANGLE
BITS, 3000 BPS)

VDIG

H

BPS)
ANGLE

wmu  LPiTeH > AIRCRAFT PITCH
(3WIRE SYNCHRO) ® SYNCHRO TO DIGITAL (11 BITS, 110BPS)
FOR SINE, COS & ANGLE
OF IMU/AHRS PITCH
e IMU/AHRS SELECT
e COMPUTE PITCH RATE
¢ DJ/A (PITCH ANGLE) -
e BUFFER & FORMAT AIRCRAFT PITCH RATE
AHRs  poCH —P| * COORDINATE TRANSFORMS |(SIP0303. 12 BITS.
{3-WIRE SYNCHRO) ki
1DC ANALCG!
B) DT1
PITCH ® SYNCHRO TO DIGITAL
MU e IRE SYNCHRO) > SINE, COS, ANGLE, RATE g
DT2
PITCH ¢ SYNCHRO TO DIGITAL,
AHRS  STTTTS) $|  SINE, COS, ANGLE RATE ___+
(G-WIRE ® COORDINATE TRANSFORMS
oT3
e RCU & BUFFER &
VDG  |encRART PITCH FORMAT PITCH FOR
(11 BITS, 110 BPS) VDIG
DT4
%SINE & % COS PITCH ANGLE |
\SIP0301, 24 BITS, 3000 BPS)
e RCV & FORMAT
l'AmanFT PITCH RATE PITCH FOR IFU
IFU (SIP0303, 12 BITS, 96 BPS) e SELECT IMU/AHRS :
® D/A — PITCH ANGLE
AIRCRAFT PITCH ANGLE
} [ CANALOG) DATA BUS
DATA BUS INFORMATION TRANSFER
DT1TO DT2 IMU — SINE & COS PITCH (24 BITS, 3000 BPS)
DT1TO DT3 IMU — A/C PITCH (12 BITS, 120 BPS)
DT1TO DT4 IMU — % SINE & % COS PITCH (24 BITS, 300 BPS)
OT1TO DT4 IMU — PITCH RATE (12 BITS, 96 BPS)
DT2TO DT3 AHRS — A/C PITCH {11 BITS, 110 BPS)
DT2 TO DT4 AHRS — % SINE & % COS PITCH (24 BITS, 3000 BPS)
AHRS — PITCH RATE (12 BITS, 96 BPS)
AHRS — PITCH ANGLE (12 BITS, 96 BPS)
2184-060W
Figure 16 Sine and Cos Aircraft Pitch, Pitch Angle and Rate
5916-60 B-17
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A}

CADC

PRESS. ALT RATE 1 J

IFU

B)

(12 BITS, 132 BPS)

INITIAL/DELTA LONGITUDE

{SOP0314, 20 BITS, 160 BPS)
INITIAL/DELTA LATITUDE

SEARCH/SE TIVE & PULSE MODE
[ ACH/SEMIAC ﬁ o SERIAL TO DISCRETE

(SOP0315, 20 BITS, 160 BPS)

S ——T

CADC

(SOP0A07, 1 RIT, 8 BPS)

PRESS. ALT RATE 1

IFU

{12 BITS, 132 BPS)

INIT/DELTA LONG.

® REFORMAT

o COMPUTE PRESENT
LONG./LAT = LAST
LONG./LAT +
INIT/DELTA LONG./LAT

PRESS. ALT RATE 1

{51P0304, 12 BITS, 96 BPS)
LONGITUDE

(SIPO308, 18 BITS, 144 8PS)
LATITUDE

(S1PO309, 17 BITS, 136 BPS)

IFU

PULSE MODE

(SOP0314, 20 BITS, 160 BPS)
INIT/DELTA LAT

(SOP031S, 20 BITS, 160 BPS)

HiEARCH/SEMI-ACTIVE & PULSE MOD

L_J

2184-062W

(SOP0407, 1 BIT, 8 BPS)

s

BLANK-
ER

(1 DISCRETE)

DT4
PRESS. ALT RATE 1
(SIP0304, 12 BITS, 96 BPS)
LONGITUDE
e REFORMAT (SIP0308, 18 BITS 144 BPS)
e COMPUTE PRESENT LATITUDE
LONG./LAT (SIP0309, 17 BITS, 136 BPS)

1

DATA BUS INFORMATION TRANSFER

DT2 |

e SERIAL TO DISCRETE

DATA BUS

PULSE MODE

DT4 TO DT2 PULSE MODE (1 BIT, 8 BPS)

IFU

BLANK-
ER

Figure 18 Search/Semi-Active Mode, Pressure Altitude Rate 1, Longitude/Latitude

5916-62
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Figure 17 Steering Error and Discretes
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Figure 19 Sine and Cos Aircraft True Heading

Angle, Yaw Rate, Wander Angle
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CSDC

+ AV, VELOCITY PULSES Vy VELOCITY/INCREMENTAL VELOCITY
s
WZCRE\}: Tc::?:go P:PLSS)ES * PULSE INTEGRATION ‘SIP?I?:(S::?TBY';z:;z::il)TAL VELOCITY
+
tAVy VEL $| ® COMPUTE VELOCITY Y
(a-WIRE, O TO 9600 PPS) Vy.V, &V, = LAST {S1P0312, 18 BITS, 576 BPS) FU
MU |, AV, VELOCITY PULSES VALUE OF VELOCITY |V, VERTICAL VELOCITY
+ CHA
(4WIRE, 0 TO 9600 PPS) » CHANGE IN VELOCITY [Reo o310, 18 BITS, 144 BPS) .
e COMPUTE VERTICAL
ACCELERATION AZ VERTICAL ACCELERATION
(SIP0313, 12 BITS, 96 BPS) ’
B)
DT1
* AVx
{4-WIRE, PULSES) PULSE INTEGRATION
3 AVY COMPUTE PRESENT
MU
(&WIRE, PULSES) VeLocITy
COMPUTE VERTICAL
t AV, ACCELERATION
{4-WIRE, PULSES)
DT4 T
. v, SIPO311)
X
vy, (51P0312)
e REFORMAT RCVD
Rero v, (5IP0310) IFU
A, (5IP0313)
DATA BUS INFORMATION TRANSFER
DT1TO OT4 V, (18 BITS, 576 BPS)
Vy, (18 BITS, 576 BPS)
V, (18 BITS, 144 BPS)
A (12 BITS, 96 BPS)
2184-064W
Figure 20 V,, Vertical Velocity, Vy Velocity/Incremental Velocity and Vy Velocity/
Incremental Velocity
591664




CRbh o s Sl

e RN, o 1y T SRR Sy

— cac
N cce&lﬁ LIFT ACCELERATION _» LIFT ACCEL.
OMETER {DC ANALOG, 20/SEC) {SIP0313, 10 BITS, 80 BPS) >
TEMP MONITOR C ,
TEMP MONITOR C (SIPO403, 12 BITS, 96 BPS)
I0C ANALOG, 1/SFC) . ATOD
MU CAL DATA —p{ ® PULSE INTEGRATION
(15 BITS DATA, 6 BITS ID) o COMPUTE SYSTEM PRESS. ALT A >
+ AVZ VELOCITY PULSE |  ALTITUDE AS A (SIP0413, 13 BITS, 104 BPS)
{4-WIRE, - TO 9600 BPS) sgfgg:% ,%,;:‘QESORM SYSTEM ALTITUDE >
BY PRESS. ALTITUDE {SIP0414, 15 BITS, 120 BPS)
PRESS. ALT A —p] ¢ BUFFER & REFORMAT
CADC {13 BITS, 260 BPS) DATA
PRESS. ALT B
{10 BITS, 20 BPS) »
B) DT1
TEMP MONITOR C
MU CAL DATA (21 BITS) ¢ ATOD
s AVZ VELOCITY PULSES P|® PULSE INTEGRATION
SAME AS FIGURE B.20) Ple BUFFER & FORMAT
DATA FOR TRANSMISSION
TO DT4
DT4 |
NORMAL LIFT ACCELERATION LIFT ACCELERATION (SIP0313)
ACCEL ATOD TEMP MONITOR C (SIP0403)
e COMPUTE SYSTEM
PRESS. ALT A (260 BPS) ALTITUDE PRESS, ALT A (SIP0413)
CADC PRESS. ALT B e BUFFER & REFORMAT SYSTEM ALTITUDE (SIP0414)
DATA FOR IFU
DATA BUS INFORMATION TRANSFER
DT1 TO DT4 TEMP MONITOR C (12 BITS, 96 8PS)
2184-065W
Figure 21 Lift Acceleration, System Altitude, Temp Monitor C, Pressure Altitude A
$916-65 B-22
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IMU FAIL (DISC)

MU

IMU READY (DISC)

GYRO FLOAT TEMP UP (DISC)

GYRO COARSE HEAT ON (DISC)

ACCEL COARSE HEAT ON (DISC)

ATTITUDE REFERENCE MODE (DISC)

NAVIGATE/ALIGN (DISC)

IMU FLAG SET (DISC)

IMU FLAG RESET (DISC)

¢ BUFFER &
REFORMAT

® SOLVE LOGIC
EQUATIONS FOR
NAV COMP FAIL

DATA BUS

_—

DT2

& BUFFER & REFORMAT

DT3

® BUFFER & REFORMAT

DT4

® BUFFER & REFORMAT

PILOT
CAUTION Lt NAV COMP FAIL (DISC)
&
WARNING
AHAS SLAVED MODE SELECT (DISC) .
AHRS - AHRS COMPASS MODE SELECT (DISC)
g
] AWL/PCD MODE SELECT (DISC)
VECTOR MODE SELECT (DISC) ’
ecop MANUAL MODE SELECT (DISC)
DESTINATION MODE SELECT (DISC)
TACAN MODE SELECT (DISC)
LEFT
GLOVE HANDBRAKE (INS SUSPEND ALIGN)
RELAY >
BOX
R-O WEAPON STATUS
o/L
DISCRETE DATA WORD (SOP0312) ; I
{120 8PS)
IFU
DISCRETE WORD (SIP0401)
, ' (176 BPS)
DATA BUS INFORMATION TRANSFER
DT1TO DT4 {22 BITS, 176 BPS)
DT2TO DT4 {7 BITS, 56 BPS)
DT3 TO DT4 {1 8ITS, 8 BPS)
DT4 TO DT1 (5 BITS, 50 BPS)
2184-066W(2) Figure 22 Discrete Data Words (Sheet 2 of 2)
t
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A)

MDIG

CSDC

SINE/COS MAN CMD HDG

(2 DC ANALOGS)

SINE/COS MAN CMD CRS
N P

B8)

MDIG

(2 DC ANALOGS)

® A/D
o FORMAT

MAN CMD HDG & CRS (SIP0411)

DT3

SINE & COS MAN CMD HDG

(2 DC ANALOGS)

SINE & COS MAN CMD CRS N

2184-067W

9916-67

{2 DC ANALOGS)

e A/D

¢ BUFFER &
FORMAT

1

(HDG = 12 BITS, 96 BPS)
{CRS = 12 BITS, 96 BPS)

DT4 T

REFORMAT

DATA BUS

MAN CMD HDG & CRS

IFU

(SIPO411, 24 BITS, 196 BPS)

DATA BUS INFORMATION TRANSFER

DT3 TO DT4 - MAN CMD HDG (12 BITS, 96 BPS)

MAN CMD CRS (12 BITS, 96 BPS)

Figure 23 Manual Command Heading and Command Course
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] X_GYRO TORQUER

X GYRO TORQUER

Y GYRO TORQUER
Y GYRO TORQUER

(PULSE)
(PULSE)

(PULSE)

Z GYRO TORQUER

(PULSE)

Z GYRO TORQUER

(PULSE)

DATA BUS
X GYRO TORQUER

{PULSE)

X GYRO TORQUER

(PULSE)

Y GYRO TORQUER

{PULSE)

¥ GYRO TORQUER

{PULSE)

Z GYRO TORQUER

(PULSE)

Z GYRO TORQUER

{PULSE)

X VELOCITY CORR (SOP0303)
et — -.
120 BITS, 160 BPS)
X _VELOCITY CORR (SOP0304)
{20 BITS, 160 BPS) >
X TILT CORR (SOP0305) >l
(20 BITS, 160 BPS)
X TILT CORR (SOP0306) _ple DECODE
{20 BITS, 160 BPS), CORRECTION
\Fu LSINE AZIMUTH CORR_(SOP0307) N DATA
(20 BITS, 160 BPS) o c0MPu1T'E I
GYRO TO
Cos azmurs conn tsoronm ) Vales
4V Bita, 10U broJ
X_GYRO BIAS CORR (SOP0309)
{20 BITS, 160 BPS) »
X GYRO BIAS CORR (SOP0310) N
(20 BITS, 160 BPS)
GYRO BIAS CORR (SOP0311)
{20 BITS, 160 BPS) i
B8) DT4
X _VELOCITY CORR (SOP0303) N
120 BITS, 160 BPS)
Y VELOCITY CORR (SOP0304) -
(20 BITS, 160 BPS)
X TILT CORR (SOP0305)
120 BITS, 160 BPS)
Y_TILT CORR_(SOPQ306) . ¢ REFORMAT
(20 BITS, 160 BPS) CORRECTION
IFU i DATA & XMIT
SINE_AZIMUTH CORR (S0P0307) | 7O DT
(20 BITS, 160 BPS),
COS AZIMUTH CORR (SOP0308) »l
(20 BITS, 160 BPS)
| X GYRO BIAS CORR_(SOP0309)
{20 BITS, 160 BP3)
Y GYRO BIAS CORR (SOP0310)
(20 BITS, 160 BPS)
Z GYRO BIAS CORR {SOP0311)
(20 BITS, 160 BPS) ’
DT ‘—r
DT1
e COMPUTE
GYRO TORQUER
VALUES
DATA BUS INFORMATION TRANSFER
DT4 TO DT1 - SOP0303 TO SOPO311 (180 BITS, 1440 BPS)
2184-068W

Figure 24 Gyro Torquing Pulses
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Y

Al

CcsoC

DL DATA LINK MSGS SERIAL WORD 13
CONVERTER[™ER DIG) (13 BITS, 130 BPS) VoIG
WEAPON TYPE SELECT (MSB) DISC LABEL 10
WEAPON TYPE SELECT (25B) DISC LABEL 21
WEAPON TYPE SELECT (258} DISC VEC DISPLAY VALID
CIACS WEAPON QTY READY (MSB) DISC ACL DISPLAY VALID
ARMAMENT [ WEAPON QTY READY (25B) DISC
PANEL WEAPON QTY READY (15B} DIS PCD DISPLAY VALID
MASTER ARM
MASTER ARM DISC e DECODE D/L
RELEASE MODE BACKUP DISC MSG LABELS ;i:igiexﬂﬁx\g::; @)
o GENERATE VEC,
ACL, PCD DISPLAY | WEAPON TYPE SELECTED (3)
LOX LOW LOX (DISC) VALID BITS R1 DISCRETE (MSB)
QUANTITY e DISCRETE TO =
INDICATOR SERIAL oL
FORMATING R3 CON-
ARM ACKNOWLEDGE (DISC) R4 VERTER
C1 REQUEST (DISC) R5 DISCRETE (LSB)
D/L INSTRU4L_ABORT {DISC)
MENT TARGET DESTROYED (DISC)
PANEL GENERAL ACKNOWLEDGE (DISC)
TARGET NOT DESTROYED (DISC
IFF IFF EMERGENCY (DISC)
CONTROL
PANEL
B) DT3
D/L MSGS (SER DIG)
Ol e M coccooron | smmwonis ) o
v -
D/L R DISCRETES (5) 13 BITS, 130 BPS)
ER P  ENCODE (R) (
DISCRETE FROM |
LOX, IFF &
CIACS ARM | DISCRETES {8} — D/L PANEL _+
PANEL o ENCODE VDIG
DISPLA Y DATA
oL DISCRETES {6) — kil
PANEL ENCODE DISCRETES
FOR TRANSMISSION |
DISCRETE (1) To DT3 —ﬁ
IFF
PANEL DT2
- ENCODE & XMIT TO
l DISCRETE (1) oT3 _*
. r

“ PR

DATA BUS INFORMATION TRANSFER

DATA BUS

<+ v 5Ty} 1 BIT 10 BPS) DISCRETES
‘4 - vy 7 mITS 70 BPS! DISCRETES
. ~ral Word , t am! Discrete Interface




A)

SIP0700 & SIPO701 I
{39 BITS, 312 BPS)
ARM
PNL IFU
SOP0700 & SOP0701 :
24 BITS, 192 BPS) ;
1
8) DT3 '
SIP0700 & SIPO701 g
ARM e REFORMAT
PO700 & SOPO701 FOR DATA
PNL SO FOR D
ARM PNL
TRANSMISSION
1 DATA BUS
DT4
SOPO700 & SOP0701 .‘ ;
e REFORMAT 5
FOR DATA
IFU BUS & IFU
TRANSMISSI
¢ SIPO700 & SIPO701 SSION L
DATA BUS INFORMATION TRANSFER

DT3 TO DT4 - SIPO700 & SIPO701 (39 BITS, 312 BPS)

DT4 TO DT3 - SOP0700 & SOPO701 (24 BITS, 192 BPS)

2184-070W

X Figure 26 SIP 07/SOP 07 CIACS (AWG 15)
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